Spatial Factors Consideration in Site Selection of Ground-mounted PV Power Plants  by Piyatadsananon, Pantip
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of CPESE 2016
doi: 10.1016/j.egypro.2016.10.135 
 Energy Procedia  100 ( 2016 )  78 – 85 
ScienceDirect
3rd International Conference on Power and Energy Systems Engineering, CPESE 2016, 8-12 
September 2016, Kitakyushu, Japan 
Spatial factors consideration in site selection of ground-mounted 
PV power plants 
Pantip Piyatadsananona* 
aSchool of remote sensing, Institute of Science, Suranaree University of Technology, 30000, Thailand 
Abstract 
Typically, the demand of electricity is normally high in urban areas and it will be increasing sharply when there are some events 
attracting visitors to the urban area. Thailand, an example of this situation, has announced five mega-cities as the places for 
Meeting, Incentives, Conferences, and Exhibitions (MICE) since 2002. Definitely, Thai government and electricity organizations 
have supported the solar energy as the alternative energy due to the clean renewable energy and sustainability. Various factors, 
generally, social-economic and environmental factors have been intensively studied in order to improve the efficiency and 
sustainability of the PV system. According to a requirement of large area to construct a ground-mounted PV system, it is 
extremely crucial to carefully determine all related spatial factors for investigating the potential areas. This study aims to identify 
all those spatial factors considered in finding a potential area for PV power plant. This study applied the documentary analysis to 
explore the spatial factors from successful PV power plants. The real situations, impacts, and issues in term of spatial factors 
were compiled and designed as spatial database applicable to implement with the Geographic Information System. The result of 
this study shows the structured spatial database acquired in a ground-mounted PV system construction. This study is useful for 
governments, developers, and investors to investigate potential areas for PV power plants. 
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1. Introduction 
A photovoltaic power station is a large scale photovoltaic system (PV system) designed for the supply of 
merchant power into the electricity grid at utility level. It has been promoted to invest this kind of renewal energy in 
several countries over the world. Lessons learned from the site selection of PV power plants shows some crucial 
information essentially considered prior to the construction. For instance, the case of Montalto Di Castro PV Plant, 
this plant was constructed in central Italy and occupied over 345 acres as the largest PV farms in Europe [1]. With 
the prime purpose of leaving the fossil-nuclear age, Germany is heading to be a leader in sustainable power 
production, in particular PV power [2]. Not only consider the utility-scale solar generation capacity, but the solar 
power plant organizers in United States also concern about large-scale deployment of solar energy and its potentially 
significant land use [3]. Considering the spatial aspect, in particular land-use, this summary provides several 
comprehensive information of direct land-use result for PV power plant, total area corresponds to all land enclosed 
by the site boundary, infrastructure and facility installed in the solar plant [3]. 
Focusing on a developing country like Thailand, renewal energy, e.g. biomass, hydroelectric, geothermal, solar, 
wind, is intensively studied to replace the non-renewable energy, e.g. coal, diesel, fuel oil, natural gas. Fortunately, 
Thailand has great solar potential, which the daily solar exposure of around 19-20 MJ/m2/day [4]. 
         
      Fig 1. (a) Global Horizontal Irradiation of Thailand [5];                               (b) Direct Normal Irradiation of Thailand [5] 
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There are two major types of PV system installation in Thailand, ground-mount PV and PV rooftop. The ground-
mounted PV may be installed in a large area of private land, public land or agriculture cooperative area, while the 
PV rooftop may be installed at the rooftop of household or commercial and factory. The shareholders of renewable 
energy in the form of electricity, heat and biofuels will raise to 30% in 2036 according to the new long-term Energy 
Master Plan of Thailand [6]. Investment in solar plants is one of Thailand’s priorities according to the renewable 
energy strategy of the country. Regarding the alternative energy development plan, the country is escalating the 
target of solar power to 6,000 NWp by the end of 2036 [6]. As a collaboration, Thailand’s Siam Solar Energy signed 
a contract with German solar energy company to be constructing three PV plants since 2012 [7]. Recently, there are 
seven ground-mounted PV power plants in Thailand, (1) Lopburi solar farm, (2) Korat solar farm, (3) Khlong chong 
klum, (4) Phrom thep cape, (5) San kam phaeng, (6) Pha bong, (7) Sirindhorn dam, illustrated in Fig 2. 
 
Fig 2. Solar power stations in Thailand 
As promoted to be an international venue of meeting, incentives, conferencing, exhibitions (MICE) industry 
since 2002, Thailand, as a host, exhibited more than 7,300 meeting events with 895,000 visitors in 2012 [8]. The 
numbers of events and exhibitions have increased in every year. MICE cities of Thailand consist of five major 
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megacities, i.e. Bangkok, Phuket, Pattaya, Chiang Mai, and Khon Kaen [9]. Among those cities, Khon Kaen, is the 
major commercial and educational center of North-east region of Thailand where several routes direct and indirect 
to several adjacent countries, such as Laos, Vietnam, and Cambodia. For this reason, this province is potentially 
selected to be the venue for several exhibitions and events [10]. Therefore, it definitely causes an extreme electricity 
consumption over Khon Kaen province inevitably.  
Considering several studies about PV in Thailand, the research topics are still the long term monitoring and 
system evaluation including safety standard issues and best practice for the installation of PV plants [6]. However, 
there is little study about spatial factors explored in site selection of the PV power plants. In addition, some issues 
regarding the environmental impacts are essential to criticize due to the long-term exist of the PV power plant. 
2 Spatial factors determined in site selection  
2.1 Climate 
Basically, the total solar energy received on a unit area of horizontal surface is the most importance factors firstly 
considered by investors and developers. In term of the acquisition of solar resource data, there are typically two 
sources of data, satellite & meteorological derived data and land-based measurement. It was concluded that land 
based site measurement can be used to calibrate resource data from both satellites and meteorological stations to 
increase the accuracy and certainty [11]. Focusing on Khon kaen province, there are some secondary data provided 
for researchers and it is easy to obtain. As one of the mega cities in North East of Thailand, the estimation of mean 
daily diffuse solar radiation of Khon kaen was re-calculated season by season from a simulation model for solar 
radiation.  
Table 1. Mean daily total diffuse solar radiation estimated from duration of sunshine (MJ/m2/d) [12] 
 Chieng Mai Khon Kaen Bangkok Songkla 
14 Jan – 26 Feb 6.1 6.6 7.1 7.7 
27 Feb – 12 Apr 7.3 7.4 7.5 7.7 
13 Apr – 28 May 10.1 9.3 8.4 8.1 
29 May – 15 Jul 10.5 10.1 9.6 9.1 
16 Jul – 31 Aug 10.1 9.9 9.6 9.3 
1 Sep – 15 Oct 8.5 8.4 8.4 8.6 
16 Oct – 29 Nov 7.3 7.4 7.6 8.2 
30 Nov – 13 Jan 6.4 6.8 7.1 7.9 
Table 2. Mean daily total diffuse solar radiation estimated by simulation model (MJ/m2/d)  [12] 
 Chieng Mai Khon Kaen Bangkok Songkla 
14 Jan – 26 Feb 7.9 8.5 8.7 9.9 
27 Feb – 12 Apr 10.1 10.5 10.0 10.7 
13 Apr – 28 May 11.1 11.2 10.8 10.8 
29 May – 15 Jul 11.2 11.2 10.7 10.4 
16 Jul – 31 Aug 10.7 10.8 10.7 10.6 
1 Sep – 15 Oct 9.8 9.8 9.7 10.3 
16 Oct – 29 Nov 7.1 7.7 8.4 9.2 
30 Nov – 13 Jan 6.6 6.8 7.4 8.9 
The calculated results from simulation model gives slightly higher values than rough estimates obtained from 
correlations between global solar radiation and duration of sunshine [12]. It means that using the rough estimated 
information of global solar radiation and duration of sunshine is applicable to consider the site selection in Khon 
kaen province. 
In term of digital solar resource data in Geo database, SOLARGIS is an organisation provides the data layers in 
long-term yearly or monthly averages. The data layers consist of Global horizontal irradiance/irradiation (GHI) (Fig 
1(a)), Direct Normal Irradiance/Irradiation (DNI) (Fig 1(b)), Global Tilted (in-plane) Irradiance/Irradiation (GTI), 
Diffuse Horizontal Irradiance/Irradiation (DIF), Potential Photovoltaic Electricity Production (PVOUT), Air 
Temperature at 2 m (TEMP) [5]. With the available of these useful data, it is easier to analyse the GHI and other 
types of irradiation data of the specific area.  
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2.2 Networks 
According to the necessity of a ground-mounted PV power plant in exporting power depends on the availability 
of the distribution or transmission network [11]. Accessibility is determined in both existing road and a new 
construction one if it is necessary. Route is firstly considered in delivering materials in construction period of time, 
later in regular accessibility into the PV power plant. Although the route is firstly considered in site selection for the 
delivery tasks, it is later the channel for thief to access into the site to steal the wires or some value materials. 
Therefore, the security must be another option to be determined after the completed construction task of the site. 
Apart from the availability of route into PV power plant, the proximity between site and grid connection is another 
important thing concerned in the site selection. The annual energy yield from a PV power plant may be significantly 
reduced if the grid has significant downtime [11].  
2.3 Water resource 
Main water supply sources, ground water, stored water or mobile water tank, must be considered in cleaning 
module activity. Additionally, the clean, low mineral content water is preferred [11]. In some cases, the adjacent 
areas, which are some types of industrial or agricultural area that may produce the dust particles, these would stain 
over mirrors of the PV. Therefore, the cleaning activity might be a frequent activity required in solar farm. It is also 
inevitable to explore the sufficient sources of the clean water.  
2.4 Land-use 
Land-use and land availability are the important factors required to consider prior to the site selection. Land plots 
and proximity must be considered according to the acquisition of transmission line crossing land plots of different 
land owners [1]. It was recommended to consider the public lands as the priority areas for solar projects [1]. Once 
the PV plant is designated the land use of that area will be regarded as industrial zone [11]. With the available route 
into the PV plant, the adjacent lands are possibly developed due to the provision of infrastructure and facilities.  
Even the large abandon area of Natural Park might be regarded as a potential area for solar plant, the ecological 
concern in term of biodiversity would be a debate issue after the construction. In addition, the industrial and 
agricultural classification were claimed that the solar resource can be reduced significantly in some locations due to 
air pollution of these land-use types [11] 
2.5 Topography 
Due to the requirement of bare land in construction a PV power plant, some indigenous trees must be removed to 
avoid the shading which obstruct the sun exposure. Mountains or buildings on the far horizon are also considered as 
causes of losses in a PV power plant [11]. Furthermore, the solar parks are not typically designated for natural 
beauty, or protected areas of archaeological or ecological importance [1]. Even the land with steep slope expose the 
sun would be fairly benefit, the steep slope area has the high rate of runoff and erosion which are possibly affect to 
the foundation of modules [11]. The low resistivity of the soil and high level of groundwater may directly influence 
to the mounting structures due to the inadequate foundations [11].  
3. Concerned issues and managements  
3.1 Invasions  
An invasive vegetation, especially in the installed module area, is another issue causing the loss of money in 
management. Letting flock of sheep grazing in the plant boundaries is a substantial way to get rid of the invasive 
vegetation [11]. Using mechanical equipment is typically employed to trim the vegetation may accidentally cause 
some damages to the module [11].  Rats and rodent cause the negative effect on cables on site. It was recommended 
to use the reinforced cables to ideally withstand the bites and operate the frequent pest control routines to mitigate 
access by animals [11]. 
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3.2 Warm temperature 
The temperature in the inverter cabins and in spare part storage room can raise significantly, particularly, in many 
countries in equator zone. Therefore, it is advisable to design suitable air cooling system which entails a proper 
management of hot and cool air flows within the cabin [1].  
3.3 Potential hazards 
Local climate is a significant factor regarded as constraint of potential hazards. In particular flooding and snow, 
these are definitely affecting the solar plants. Furthermore, high wind speed is another risk to establish the solar farm 
in that vulnerable area. It was found that the fixed system of PV farm do not shut down at high wind speeds, while 
tracking systems must shut down in safe mode when speeds of 16-20 m/s are exceeded [11]. It is remarkably 
considered the low slope area in PV plant site selection due to the risk on soil erosion after the intense rainfall. 
Regarding Khon Kaen province, the available local meteorological stations has updated the climate information 
daily on the website as the Fig 3. 
 
Fig 3. Solar energy and surface meteorology of Khon Kaen, Thailand [13] 
It is emphasized that wet days are vital to concern in site selection due to losses of soiling (dust and bird 
droppings) depend on environmental conditions, rainfall frequency and on cleaning activities. Climate change, such 
as hailstorm, typhoons and floods, may cause serious damage to solar plants. Flooding can affect different functions 
of the plant, both on electrical generation side and on balance of plant (BOP) side, including connection lines 
continuity, accessibility of different parts of the plant, erosion of roads and other infrastructures, fence functionality 
and interference with electrical, data monitoring and security systems [1]. 
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a               b    
Fig 4. (a) Structured schema of geo-database in GIS [15];                (b) Geo-database design in GIS for ground-mounted PV site selection 
4. Result 
Geo-database design for investigating the location of ground-mounted PV plant  
Geographic Information System (GIS) has been intensively used in analyzing and demonstrating the phenomena 
on Earth virtually response to the spatial characteristics of study area [14]. A geo-database is typically designed for 
easy access and management applicable to use in desktop PC, server and mobile environments. The Geo-database is 
designed and located on top of an RDBMS, such as SQL Server, Oracle, or PostgreSQL, and supports all types of 
GIS data. According to the systematic design of spatial database in GIS, the GIS specialist is able to query and 
present the spatial objects related to geo-referencing system. 
Regarding the schema of geo-database (Fig 4. (a)) and the documentary analysis in the former sections (section 2 
and 3), data collection and preparation for site selection of ground-mounted PV power stations can be designed as 
Fig 4. (b). Based on the documentary analysis in section 2 and 3, the spatial factors considered in the PV site 
selection consist of six major factors, i) Administration boundaries, ii) Climate, iii) Landuse, iv) Networks, v) 
Topography, and vi) Water resource. These six feature datasets have their own feature classes with different feature 
types. The properties of these feature classes can use the secondary class of data which are sufficient to be analyzed 
in GIS program.  
5. Conclusion and discussion 
Regarding the explored results of this study, it is obvious that several factors concerned in PV power site 
selection were compiled to use in the spatial database design. These basic spatial datasets and their feature classes 
can be applied with other areas straightforwardly. However, some other areas with different climate or topography 
may consider the topic of the general details of documentary analysis in section 2 and 3 for establish the spatial 
feature dataset associated with their spatial characteristics.    
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Apart from the designed feature classes in geo-database, series of satellite images are essential to use as the based 
maps to investigate the potential PV sites. With the available dates of free satellite image, such as Landsat (pan-
sharpening image resolution is 15m.) the large area may be investigated to avoid some hazards for the potential site. 
Due to the requirement of an enormous area for constructing the PV power plant, it is suggested to use the medium 
resolution of series of satellite images to investigate over the potential areas including the proximity areas. 
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